INTRODUCTION
At present, pollution from various industries has become one of the most serious problems of concern in the Japan Inland Sea area. Reduction of excess organic pollutants, especially N and P, in the sea water is important and fundamental for improving the environmental quality of the Inland Sea. Seaweed planting is one of the options where N, P and other pollutants in the water can be accumulated into the body of the seaweed and then the sea water can be cleaned. The brown seaweed Undaria pinnatifida (or "wakame" in Japanese) has been commonly used because this kind of seaweed has a large body and can grow quickly in fertile sea water. Ammonium, nitrate and phosphate in the sea water can be taken up by wakame effectively (Torres et al., 2004) , and especially the N content in the sea water is a limiting factor for the growth of Undaria pinnatifida (Campbell et al., *Corresponding author . Tel : +81-78-431-6342, Fax : +81-78-431-6342. 1999 ). The harvested seaweed has become a kind of waste that needs to be disposed of. Usually, wakame is edible, but the harvested wakame in this research may contain pollutants such as heavy metals as well as some toxic chemicals, and thus can not be used as food. In addition, a large amount of seaweeds including wakame which also drift along to the seashore in the eutrophic area in the Inland Sea must be disposed as waste. Thus, the disposal of wakame is important for cleaning the Inland Sea area. The high water and salt content in wakame makes it unsuitable for incineration disposal. From the viewpoints of economy, technology and environmental protection, composting is one of the best ways to dispose of the seaweed waste (Eyras et al., 1998) . Seaweed has been used as fertilizer from ancient time because it contains not only N or P but also minerals such as Ca2+, Mg' and B which promote the growth of crops. Since the heavy metal content of wakame is at a safe level for application in agriculture, it is meaningful that the organic pollutants in seaweed are decomposed during the composting process. The high salt content in seaweed can be washed out by fresh water before composting or the seaweed compost can be mixed with other fertilizer to avoid the adverse effect of high seaweed salt content on the crops. Thus the compost product from the seaweed can be safely reused as fertilizer in the farmland near the seashore, which is important for the recycling of C, N and P (Vendrame and Moore, 2005) .
Seaweed composting, however, has little been studied and there are some problems that should be solved before the resulting compost can be used in agriculture (Eyras et al., 1998) . In the organic composition of wakame, the contents of protein and carbohydrate are relatively high, indicating that there exist enough organic compounds for microbial growth. However, the carbohydrates consist mainly food fibers such as cellulose, hemicellulose and alginate which are not easily degraded by microorganisms (Yamada, 2001) . The high content of alginate is a special characteristic of Undaria pIrmatifida with a value of over 50 % of alginate in dry weight (Skriptsova et al., 2004) the initiation and activity of composting process. This is important for the field treatment of wakame when the salinity content is high. In addition, the salinity of 15.2 mg/g is also relatively high compared to that of common composting materials, suggesting that HR6 is superior for the disposal of waste with high salinity The presence of Na+ sometimes may stimulate the decomposition activity of some components in wakame. For example alginate in wakame is degraded in the form of Na-alginate (Moen et al., FIG. 3 . Effect of salinity on the temperature changes during the wakame composting process by inoculation of strain HR6. Different salinity was obtained by mixing the dried wakame and washed wakame at different ratios 0, 20, 50 and 80%, which led to NaCI concentrations of 15.2, 18.7, 23.6, and 28.2 mg/g, respectively. The moisture content was adjusted to around 70% and composting experiment was conducted in 500 ml thermos bottles. 1997a), but the Ca-crosslinked alginate matrix of brown seaweeds may present a limiting factor when microbes decompose algal tissue (Moen and Ostgaard, 1997b) . The proper level of salinity may be required for the composting disposal of wakame.
Physico-chemical and microbial changes in a large scale composting Changes in the temperature, 02 and CO2 in exhaust gas were examined in a large scale process by inoculating strain HR6. During 100 h of incubation, two peaks were found in temperature changes: one was a sharp change in the initial period at 19 h and the other a broad change in the late period at around 60 h, as shown in Fig. 4 . The temperature changes corresponded to the changes in 02 and CO2 contents al- FIG. 4 . Changes in 02, CO2 and temperature during a large scale composting process by inoculation of strain HR6. Temperature was detected by thermo recorder in the center part of the composting material. The 02 and CO2 content in the air around was 21 % and 0%, respectively. The different NaCI contents were obtained by mixing the dried wakame and washed wakame at different ratios and then adjusting the water content to a proper level. The composting was conducted in the thermos bottle and weight change was then analyzed. result of cellular respiration. An attempt was made to examine whether the scale of bottles affected changes of wet weight or not. The decreasing rate of wet weight is higher in the large scale composting process compared to that in the small scale because the moisture can be taken out through the exhaust gas (Fig. 5) . Wet weight also showed a higher decrease value during the composting period when both O 2 consumption and CO2 emission were high. Next, the reduction rate of organic materials was also traced, which was 93.4% after 72 h of composting ( Table 3 ). The value was not so high probably due to the short composting time and high content of not easily degradable substances in the wakame. However, the appearance of the wakame compost changed greatly, with a change in color from light green to brown-black and the materials became muddy-like. The pH increased to 8.83 after 72 h of incubation from the initial value of 7.41. Initial N and C contents were 3.9% and 34.0%, respectively, which decreased during the composting process. Nitrogen content in the present compost was relatively high compared to other kinds of compost as the N content in most compost products falls to less than 4 (Tang et al., 2003) . The initial C/N ratio, 8.8, increased to 10.1 after 72 h of incubation. The C/N ratio in this study was lower than common initial C/N ratios which are higher than 15 (Bernal et al., 1998) .
The changes in viable cell numbers of strain HR6 and total bacteria were followed during 72 h of incu- process. We also found that the ratio of WSA/WIA increased during the composting process, indicating the occurrence of solubilization and decomposition of wakame during the composting process. The result shown above might suggest that around the second peak of temperature increase, O2 consumption or CO2 generation had contributed to the decomposition of alginate during this period. The total bacterial numbers also increased and the microbial community consisted of mixed strains of bacteria including HR6. Thus, we conclude that the bacteria increasing around 55 h could be attributed to the following composting of wakame waste, especially the decomposition of alginate. A complex microbial community may be important and effective for the decomposition of wakame during this period of time. However, HR6 played an important role in the initial period of composting and that the inoculation of HR6 shortened the time to establish a complex microbial community for further decomposition of wakame waste as decomposition of wakame by HR6 may facilitate the growth of other microorganisms.
